Objectives: Non-adherence to tuberculosis (TB) treatment causes development of multi-drug resistance (MDR). In Armenia, about 47% of previously-treated TB patients develop MDR-TB. This pilot intervention intended to explore the feasibility and effectiveness of a family-based-counseling (FBC) that included a psychological component in terms of improved adherence of TB patients to treatment and reduced stigma of TB. Methods: Overall, 136 regular TB patients (55) and their family members (81) participated in a single 90-minute interactive counseling session conducted in each household by the team of professional psychologist and TB nurse. To evaluate FBC effectiveness, we administered baseline and follow-up surveys to 52 TB patients and their 57 family members in 2012 and compared treatment outcomes of the study participants with the national data for 2011 and 2013. Results: We found that the intervention substantially improved the mean knowledge score of TB patients (from 19.2 to 21.6, p < 0.001) and family members (from 18.0 to 21.7, p < 0.001). Percent of study participants thinking that TB was not negatively impacting their family relationships increased from 60% at baseline to 71% at follow-up. Following family-based counseling, there were notable improvements in interpersonal relationships within families, increased family support for TB patients and improved adherence to treatment which resulted in zero "default" rate for treatment outcomes among the family-based counseling participants compared to 5% "default" in the comparison group (p = 0.07). Conclusion: The evaluation showed that a low-cost one-time familybased educational intervention with a psychological component can be effective in improving treatment outcomes of TB patients.
Introduction
Drug-susceptible TB can be treated with four standard first-line anti-TB drugs.
Misuse or mismanagement of these drugs may lead to multidrug resistant (MDR) TB [1] . Up to half of people with tuberculosis (TB) do not complete their treatment worldwide [2] . The National Tuberculosis Control Center (NTCC) organizes TB treatment in Armenia following the WHO recommendations for patients to take TB medications under observation of TB physicians or nurses, with an optimal dosing frequency of six days per week for new TB patients during both intensive and continuous phases of treatment [3] [4] . Directly Observed Therapy (DOT) aimed to facilitate patients' adherence to their treatment by scheduling the on-time medication intake, leading to reduction of the drug-resistance development [4] [5] . The responsibility for direct supervision of patients taking TB medication primarily falls on inpatient and outpatient health facilities [3] .
Treatment adherence has been associated with various factors, including disease-related knowledge, health care satisfaction, and social support [4] [6] . Interventions that had educational components, demonstrated enhanced treatment adherence among patients [7] [8] . As a result, those patients complete their treatment with better outcomes and improved quality of life [9] . Physicians contribute to patients' poor adherence by failing to adequately explain the benefits and side effects of a medication [10] . A number of studies show that involving social workers or family members (FM) in some capacity in TB treatment is an effective way for improving patients' adherence [11] [12] [13] [14] . Empowering patients and focusing on TB education positively affects the process and outcome of TB care. A people-centered approach extends the focus of treatment from disease to person [15] . This pilot intervention was based on a low-cost family-centered model, which included a 90-minute intervention that could empower and educate FMs and facilitate their inclusion in the management of TB patients' treatment, to assure that TB drugs are taken regularly and that side-effects and symptoms are monitored and reported to TB physicians during the continuation outpatient phase of treatment. The objective of this pilot study was to explore the feasibility and the effectiveness of the applied intervention and to test evaluation instruments providing valuable insights for further larger scale research. If proven successful, family-based interventions could be integrated into the current TB system, ultimately contributing to the reduction of failed TB treatment and rates of drug-resistance, of the spread of TB, and diminishing the stigma of TB in the community.
Methods
Targeting the study objectives we utilized both qualitative and quantitative research methods. The pre-intervention qualitative research provided directions for designing a brief effective family-based counseling (FBC) intervention in- 
Pre-Intervention Qualitative Study
We conducted focus group discussions and semi-structured in-depth interviews with key informants who were identified using purposive and convenience sampling methods. The choice of informants was based on their experience and expertise in TB services. Five groups of participants took part in the qualitative study: 1) physicians, 2) nurses, 3) FMs of TB patients, 4) TB patients, and 5) experts from NTCC, Médecins Sans Frontières France, and the Armenian Red
Cross Society (ARCS).
A semi-structured in-depth interview and focus group discussion guides were developed in English and translated into Armenian and pretested. TB physicians and nurses from the outpatient centers obtained TB patients' permission for the research team to contact them and FMs. Each focus group (FG) and in-depth interviews had a trained moderator and a note-taker. These roles were rotated among the research team members. Audio-recording was possible only with permission of participants; if a participant did not want to be audio-recorded, only written notes were taken. For all participants, anonymity and confidentiality were fully respected.
Nineteen people participated in four focus groups discussions that were supplemented with five in-depth interviews. TB patient or FM of TB patient participating in the pre-intervention research were not included in the evaluation of the intervention. To optimize the program design for both urban and rural regions, and to account for differences in TB services and family culture in different regions, we invited representatives from both Yerevan (capital of Armenia) and provinces to participate in the qualitative research. Fifteen participants were from Yerevan and four from provinces, with the mean age of 41. The average number of years of professional experience of TB specialists and TB experts was 12 years. About one-fifth of the study participants were males. The mean duration of the focus group discussions was 68 minutes and the mean duration of in-depth interviews was 50 minutes.
For the analysis we used mixed-conventional inductive and directed deductive content analysis techniques [16] [17].
Development of Family-Based Counseling Materials
The training package included adapted materials from the US Center for Disease The counseling sessions were conducted in a setting and at a time most convenient for the TB patients. Majority of the sessions happened in the homes of TB patients, at times when visitors were least expected. Only few sessions were conducted in the TB outpatient centers, at the request of the TB patients and upon permission of the centers' administration and the TB physicians.
Intervention Evaluation
We conducted a baseline-follow-up panel survey of TB patients and their FMs, to evaluate the influence of the FBC on participants' knowledge, stigma, and socio-psychological support within the family of the TB patients. All those TB patients and their FMs who could read and write in Armenian, and were 18 years old and above were eligible to participate in the evaluation surveys. Nine participants of the intervention who were younger than 18 or could not read and write in Armenian were excluded from the evaluation. Only three eligible people refused to participate. Out of 54 eligible TB patients 52 participated in the evaluation; out of 72 eligible FMs of TB patients 57 participated in both baseline and follow-up surveys (study power = 0.90) [20] .
We developed two study instruments based on the FBC package contents and similar instruments used for other TB assessments to collect information from TB patients and from FMs [21] . The FBC trainers (teams of psychologists and TB-nurses) conducted the baseline (prior to FBC session) and follow-up (one month after the session) surveys. To compare outcome measures between the TB-patient FBC study participants and a group of TB patients who were not exposed to pilot intervention we abstracted data from the NTCC database on TB patients' "success", "failed", "death", and "lost-to-follow-up" treatment outcomes rates. We compared the official TB treatment outcomes data for the FBC study participants (4th quarter 2012) with the official data on treatment outcomes for two comparable groups of drug-susceptible TB patients of 18 years-of-age or older from the same provinces (Aragatsotn, Kotayk, and Shirak) who received their continuation outpatient phase of treatment in the 4th quarter of 2011 and 2013.
The American University of Armenia Institutional Review Board approved the study for compliance with locally and internationally accepted ethical standards. Informed consent was sought from each study participant. Their privacy was adequately protected and the data was maintained confidentially.
Results

Pre-Intervention Qualitative Study
The qualitative research showed that most patients and their families were interested in learning more about TB than what was usually provided to them. The study participants emphasized the importance of rigorously maintaining confidentiality of the patients and families, due to stigma of TB in the communities, and understanding the structure and functioning of the family and awareness of the emotional states of TB patients and their FMs for effective counseling. They believed that the choice of the candidates in the family for supporting the TB patients should depend on the personal relationships and power structures within that family.
Intervention Evaluation
After selection, overall, 55 TB patients and 81 patient-selected FMs consented to participate in the FBC intervention ( Figure 1 ). The majority of those TB patients who refused to take part in a FBC session were younger males leading to a statistically significant different mean age for the participants vs. refusals (p = 0.02) ( Table 1) . For all other TB characteristics, including type of TB (pulmonary/extra-pulmonary), number of treatments (new/retreated cases), and infectivity status at the beginning of the treatment (smear positive/smear negative) the participants were similar to those who refused to participate ( Table 1 ). The overall response rate for completion of both surveys was 94.6% among TB patients and 70.4% among FMs (Figure 1 ).
The majority of the participants in both study groups had high school education (63.5% of TB patients and 68.4% of FMs), and about 36.5% of patients and 31.6% of family members had professional/technical and university education. The proportions of correct answers increased for almost all questions in both study groups at the follow-up one month after FBC. A statistically significant improvement in the proportion of correct answers was recorded for nine questions among TB patients and 11 questions among FMs out of 28 questions (McNemar's p < 0.05). The mean cumulative knowledge score for TB patients significantly increased from 19.3 at baseline to 21.9 at follow-up one month later (p < 0.001), representing an increase from 68.9% to 78.2% percent score. For FMs the score increased from 18.0 at baseline to 21.7 at follow-up (p < 0.001), increasing from 64.3% to 77.5% (Table 2) . TB patients and FMs had scores similar to each other at both baseline and follow-up. Socio-demographic characteristics of the study participants such as age, education, region of residence, and monthly family expenditures were not associated with study participants' TB-related cumulative knowledge scores and changes in cumulative knowledge scores.
• Stigma
The proportion of those who believed that TB was not negatively affecting personal relationships between the non-infectious TB patients and their families increased, though non-statistically significantly, from 59.5% at baseline to 67.3% at follow-up for TB patients and from 60.9% to 73.2% for FMs. There was also a substantial but non-statistically significant increase in the proportion of TB FMs who thought that TB patients did not want to hide their TB diagnosis from their family from 74.5% at baseline to 83.9% at follow up. This percentage did not change substantially among the TB patients.
• Family support
The patients and their FMs were asked to evaluate the level of family support on a scale from 1 to 5. TB patients reported a mean score for family support of 4.90 at baseline and an increase to 4.98 at follow-up, while FMs reported a mean of 4.78 at baseline and an increase 4.81 at follow-up. The reported differences in family support scores between baseline and follow-up were not statistically significant.
• Treatment outcomes Two TB patient comparison groups from the 4th quarter of 2011 and the 4th quarter of 2013 were identified based on the same eligibility criteria as the TB patient group who participated in FBC. Demographic characteristics and treatment outcomes of these two groups were similar, that is why we collapsed these two groups of patients into one comparison group.
Demographic characteristics of the FBC TB patient study population and the TB patient comparison group were also similar. Though the FBC TB patient group had lower "failure" and "death" outcome rates than the comparison group, none of the results achieved statistical significance. Improvements in "success" and "lost-to-follow-up" treatment outcomes for the FBC TB group showed marginal statistical significance over the comparison group (p = 0.08 and p = 0.07 respectively) ( 
Discussion
This brief pilot intervention aimed to improve knowledge on TB of TB patients and their FMs, provide psychological support and empower the patients and their FMs during the treatment period. The evaluation of the intervention showed that TB patients' and FMs' knowledge on TB and the importance of adherence to the treatment plan substantially improved after the counseling session. The reductions in TB-associated stigma reported by TB patients and their
FMs were substantial but not statistically significant. Lack of statistical significance could be due to a small sample size in this pilot study; questions were mainly directed towards stigma in the community and not within the family.
Thus, the questions were probably less sensitive to measuring changes in stigma within the family. ilies might lead to better treatment outcomes among TB patients. Among unsuccessful TB treatment outcomes ("failed", "death", and "lost-to-follow-up"),
"failed" and "death" are more directly associated with co-morbidities and clinical factors [24] [25], while "lost-to-follow-up" is more directly associated with non-adherence and patient behaviors [15] . However, "lost-to-follow-up" elevates the risk of severity of disease, leading to higher rates of TB "death" and "failure" and increasing the likelihood of drug resistant TB. There were no "lost-to-follow-up" in the FBC intervention group (0/55), compared to 5% (8/163) in the comparison group and 7% (1/14) among FBC refusals, suggesting improved outcomes for the FBC intervention. Few studies had comprehensively assessed the role and the impact of counseling on TB patients' treatment outcomes, especially during continuation phase of treatment. A study conducted in Pakistan showed that lost-to-follow-up of TB patients is less when counseled [26] . Their findings were in line with our results showing that patients who received TB knowledge and support, started to believe that their tuberculosis was curable while their FMs felt that it helped them to change their negative attitudes towards TB patients [27] . A recent Ethiopian study concluded that counseling might facilitate treatment adherence of HIV co-infected TB patients [28] , and a Cochrane review [7] confirmed that counseling and education promote adherence to TB treatment and latent TB infection treatment when the context of information provided and the assessment of the causality for poor adherence are thoroughly considered.
Our study findings also support the concept of effective combination of supervised treatment and the counseling for TB patients. As other authors believe that providing additional education and counseling to TB patients does not diminish the importance of directly observed treatment [27] [29] we also confirm that counseling can be used as a reinforcing tool for improving TB patients' treatment adherence by aligning and motivating their behavior toward compliance with TB treatment standards particularly in resource-poor countries [29] .
Limitations
In this pilot intervention some of the questions to measure TB-related stigma in the study tool may not have been sufficiently sensitive to the intervention, given that the questions were more directed towards stigma in the larger community and not within TB-afflicted families. However, regardless of the emphasis of the questions, there were still substantial improvements on measures of stigma, though not statistically significant given the limited sample size.
Conclusion
Changing beliefs among TB patients and their families to improve TB treatment outcomes can be enhanced through a single 90-minute intervention involving TB patient and family counseling and education by a trained nurse and a psychologist. Empowering TB patients and their family members can elevate their understanding and enhance adherence to treatment, leading to reductions in "lost-to-follow-up" rates which can lead to reduced rates of drug-resistant TB.
